the inheritance patterns of yield varies with the genetic material and climatic vagaries that warrant to explore the genetic information about the parent material before making the selections. Since different genetic materials exhibit different genetic parameters, the objectives of the present study were to examine the combining ability patterns of selected rapeseed (Brassica napus L.) genotypes in a line×tester analysis and assess genetic parameters of yield and yield components to determine superior candidates for promising hybrid cross combinations.
Materials and methods
Five moderate-maturing of spring rapeseed (Brassica napus L.) genotypes including 'L41', 'Zafar', 'L56', 'L31' and 'L22B' as lines were crossed with four early-maturing genotypes including 'Foma2', 'R42', 'R41' and 'R38' as testers in line×tester crossing scheme between 2010 and 2011. Eighteen F1's along with their parents were grown in a randomized complete block design with three replications at Baykola Agriculture Research Station, located in Neka, Iran (53˚, 13 ′ E longitude and 36˚ 43 ′ N latitude, 15 m above sea level) during the winter of 2012/2013. Each plot consisted of four rows 5 m long and 40 cm apart. The distance between plants in each row was 5 cm resulting in approximately 300 plants per plot, which was sufficient for F1 genetic analysis. The soil was classified as a deep loam (Typic Xerofluents, USDA classification) and contained an average of 280 g of clay kg -1 , 560 g silt kg -1 , 160 g sand kg -1 , and 22.4 g organic matter kg -1 with a pH of 7.3. Soil samples were found to have 45 kg N ha -1 (mineral N in the upper 30-cm profile). Fertilizers were applied at the rates of 100: 50: 90 kg ha -1 of N: P: K, respectively. All plant protection measures were adopted to make the crop insect free. Seed yield (adjusted to kg ha -1 ) was recorded based on two middle rows of each plot. The data were recorded from 10 randomly competitive selected plants of each entry of each replication for first pod height, number of branches, pods on main raceme, pods per plant, pod length, and seeds per pod. Data for the genotypes were subjected to line×tester analysis to estimate GCA and SCA effects [22] . Lines and testers were treated as female and male parents, respectively, during crosses. A t-test was used to test whether the GCA and SCA effects were different from zero. Narrow-sense heritability estimates of the traits and Pearson coefficient correlation among the traits were calculated.
Results and discussion

Line×tester analysis of variance
Lines×tester analyses were performed on all the traits for those crossed genotypes that showed significant differences. Results of these analyses are summarized in Table 1 . Significant differences were found among the treatments, parents and their crosses for first pod height, number of primary branches, pods on main raceme, pods per plant, pod length, seeds per pod, and seed yield, thus indicating sufficient genetic variations for the genotypes and their cross combinations for these traits (Table 1) . For all the traits, except pod length, genetic variations among the lines were greater than the testers. The lines had significant genetic diversity for all the traits. However, no significant genetic difference was recorded by the testers for pods on main raceme and seeds per pod. Parents vs crosses mean squares, which indicate average heterosis, were significant for all the traits except first pod height and seeds per pod. High narrow-sense heritability estimates were found for number of branches, pod length and seeds per pod, indicating the prime importance of additive genetic effects for these traits. High narrow-sense heritability estimates for some of yield components in rapeseed have been reported in earlier studies [2, 26, 27] .
Means performances and general combining abilities of the parents
The mean values of the parents including lines and testers for all the traits are presented in Table 2 . Among the testers, first pod height varied from 97.8 to 108.6 cm in genotypes 'R38' and 'R42', respectively. Among the lines, first pod height ranged from 88.38 to 115.59 cm in genotypes 'L31' and 'L41', respectively. The GCA and SCA genetic effects are presented in Table 3 . Two parental genotypes 'R38' and 'L31' had significantly high negative GCA effects on first pod height and, therefore, reduced effects for this trait in their cross combinations. Number of branches had less variation than the other traits in parental lines. Genotypes 'Foma2' and 'Zafar' with 5.20 and 5.22 branches per plant, respectively, had high mean values for this trait. Significantly positive correlation of GCA effects was detected between number of branches and pods per plant, which makes it possible to use the GCA effect on this trait as an indirect selection criterion for improvement of pods per plant (Table 4) . Pods on main raceme ranged from 46.7 to 49.6 in testers and it varied from 41.98 to 54.82 in female lines. The GCA effect on pods on main raceme had a significantly positive correlation with GCA effect on seed yield, which makes this trait a suitable indicator of good combiner genotypes for seed yield. Significantly positive correlation between pods per plant and seed yield justified the favorable genotypes were 'Foma2', 'L41' and 'Zafar' as they recorded high mean values of pods per plant. High narrow-sense heritability (0.80) estimated for pod length, indicated the prime importance of additive genetic effects for this trait. Genotypes 'Foma2' and 'L56' with significantly positive GCA effects on pod length are good candidates for improving pod length. In each α probability level, LSD is related to lines and testers 
Means performances and specific combining abilities of the crosses
The genetic variation of lines×testers crosses for all the traits were beyond lines and testers (Table 1) . Hybrid performance was generally better than parental performance for all the traits except number of branches (Table 5) . Mean values of first pod height ranged from 70.67 to 117.1 cm in crosses 'Zafar'×'R38' and 'L22B'×'R41', respectively. Most of the crosses with high mean values of first pod height had at least one parent with high mean value for this trait. The cross combinations with low mean value of first pod height trait including 'Zafar'×'R38', 'Zafar'×'R41' and 'L31'×'R41' are preferred because high mean value of first pod height is more susceptible to lodging. Seven out of 20 crosses had significant SCA effects on first pod height (Table 6 ). High narrow-sense heritability estimates and the role of additive genetic effects on first pod height were estimated, and the results showed that most of the crosses did not have any significant SCA effect on this trait. The crosses 'Zafar'×'Foma2' and 'L56'×'Foma2' had high mean value of first pod height trait. Pods on main raceme differed from 33.8 to 64.8 in crosses 'L31'×'R42' and 'Zafar'×'R41', respectively. Significantly positive correlation of SCA effects was determined between pods on main raceme and 
Conclusion
In general pods, on main raceme and pods per plant were positively correlated with seed yield, indicating that these traits can be used as selection criteria for seed yield improvement. Parents vs crosses mean square as indicator of average heterosis was significant for all the traits except for first pod height and seeds per pod. Hybrid performance was generally better than parental performance for all the traits, except for number of branches. The genetic variations of lines×testers for all the traits were more than lines and testers. Among the yield components, numbers of branches and pod length were more heritable than the others. In the case of the traits with low narrow-sense heritability, the results suggest that more emphasis on specific crosses followed by selection in progenies rather than pursuing GCA by mass selection should be given. 
